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INTRODUCTION
Most patients with gallbladder cancer (GBC) still present with advanced tumors (1) . The only curative treatment remains resection (2) . Jaundice occurs in up to 30 to 50% of patients with GBC (3) (4) . Although obstructive jaundice can sometimes be due to concomitant common bile duct stones (5) , tumor thrombus (6), or obstruction caused by lymph node involvement, jaundice mostly implies tumor extension to the common bile duct and biliary confluence (7) .
The first series focusing on jaundice in patients with GBC was based on 82 patients (3) .
In this study, only 6 patients were resected with curative intent, and only 4 had negative surgical margins. Their median disease-specific survival was 6 months. In the light of these results, the authors concluded that "These data do not support routine operative exploration of patients with jaundice secondary to gallbladder cancer". However, several series experienced teams did not report such a poor outcome and showed that some jaundiced patients obtained improved survival following resection of GBC (8) (9) (10) (11) (12) . A subgroup of jaundiced patients may therefore benefit from resection.
This study was designed to re-assess the prognostic value of jaundice on short and longterm outcome of patients undergoing radical surgery for GBC.
METHODS
Source and selection of patients
The AFC-GBC-2009 study group, composed of tertiary centers, was created in 2009 under the auspices of the French Association of Surgery (AFC) to produce a retrospective registry of operated GCB patients. Twenty-one centers were asked to: 1/ identify all patients operated for GBC between 1998 and 2008, 2/ fill in a multi-item questionnaire, 3/ return these questionnaires by June 2009. The protocol was approved M A N U S C R I P T
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5 by the AFC Review Board. Identification of patients was performed by screening the pathology database. The questionnaire was constructed on the basis of the data available in the literature at that time. Investigators were requested to attach an anonymized duplicate of the complete pathology report. All patients who had undergone either curative, palliative or exploratory surgery were further evaluated. Patients were considered to be jaundiced when clinical jaundice was present on initial examination and confirmed by elevated serum bilirubin levels. The diagnosis of GBC was adopted when the pathology report confirmed the presence of adenocarcinoma of biliary origin.
Patients with Klatskin tumors or intrahepatic cholangiocarcinoma were excluded from the analysis.
Data review
If the information could not be retrieved from the medical files, a "not found / not performed" box was available. Coded data were repeatedly checked at random and some pathological data were used as controls. Centers were contacted again when: 1/ some items of the questionnaire had not been answered, 2/ discordant information was present in the questionnaire or between the questionnaire and the pathology report or 3/ last follow-up was less than 6 months.
Criteria studied
Criteria studied were presented in Table 1 . R0 or R1 resections were considered to be curative resections. According to the UICC / AJCC TNM (7 th edition 2010) (13), regional lymph nodes (gallbladder, pericholedochal, hepatic pedicle, proper hepatic artery and periportal nodes) were considered to be N1. Involvement of the celiac trunk, superior mesenteric artery and para-aortic lymph nodes was classified as M1 disease. Routine sampling of inter-aortocaval lymph nodes was not performed in this study.
Postoperative hepatic insufficiency was defined by elevation of serum total bilirubin M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 6 level > 2.9 mg/dL and prothrombin time < 50% persisting for more than 5 postoperative days (14) (15) .
Statistical analysis
Non-parametric data are presented as median (range) and categorical data are presented as frequency and proportion (%). Categorical data were analyzed using Pearson's chi-square test and the Mann-Whitney U test was used for data not following a normal distribution. Subsequently, Kaplan-Meier survival curves were plotted and log-rank statistics were calculated to assess which variables affected survival time.
Significance levels were set at p<.05. All statistical tests were performed using SPSS software (version 15.0 for Windows, SPSS Inc., Chicago, IL, USA).
RESULTS
Demographic data
Of the 429 patients managed for GBC during this ten-year inclusion period, 110 were jaundiced, corresponding to 43 men and 67 women with a median age of 66 years (range: 31 -88). No significant difference was observed between jaundiced and nonjaundiced patients in terms of risk factors and co-morbidities ( Table 1) .
Preoperative management
At the end of preoperative staging, the rate of suspicion of arterial (6 vs Seven patients received neoadjuvant chemotherapy (always gemcitabine-based) and/or radiation therapy and 1 patient received both of these treatment modalities.
Surgical procedures
A contraindication to resection was discovered in 52 out of 96 patients undergoing laparotomy ( Figure 1) . Contraindications in the 60 non-resected jaundiced patients (52 after laparotomy and 8 after laparoscopic assessment) were extensive infiltration of the hepatoduodenal ligament (n=16), peritoneal carcinomatosis (n=11), liver metastasis (n=8), positive lymph node (site of lymph node not specified) (n=8), vascular involvement (n=2), presence of cirrhosis (n=2) and involvement of adjacent organs (n=4). The reason for unresectability was not specified in the questionnaire for 9 patients.
Fifty jaundiced patients underwent curative resection including liver resection in every case ( Table 1) However, no significant difference was observed for resection of adjacent organs, regardless of the organ (28 vs. 29%, p=.56).
Postoperative outcomes in resected patients (Table 1)
Mortality and morbidity among resected jaundiced patients (n=50)
The postoperative mortality was 16% (n=8). The causes of death were: i/ acute liver failure (n=3) after extended right hepatectomy; ii/ sepsis with multiorgan failure (n=4);
iii/ respiratory distress syndrome (n=1). All 8 jaundiced patients were older than 65 years and 4 underwent major hepatectomy. No risk factor for postoperative mortality was identified in this subgroup of jaundiced patients.
Thirty-one jaundiced patients experienced a complication after surgery. The most frequent complications were biliary leakage (n=12), pulmonary complications (n=11) and sepsis (n=9) and liver failure (n=7). These complications required an invasive M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 9 procedure in 14 patients (reoperation: n=4, radiological drainage: n=8, interventional endoscopy: n=2). The average postoperative hospital stay was 25 days (range: 7-77). On univariate analysis, only preoperative biliary drainage (68 vs. 33%, p=.02) was found to be risk factor for postoperative complications in jaundiced patients. In the subgroup of the 21 patients who underwent extended right hepatectomy, preoperative biliary drainage did not significantly increase morbidity in contrast with the 29 patients with minor hepatectomy (83 vs. 38%, p=.05).
Mortality and morbidity among all resected patients (n=257)
Postoperative mortality and morbidity were 6% (n=16) and 41% (n=105), respectively.
On univariate analysis, risk factors for mortality were jaundice (16 vs 
Survival data
Survival in jaundiced patients (n=110)
One-, 3-and 5-year overall survival rates for the 110 jaundiced patients were 41%, 15% and 13%, respectively.
Survival in resected jaundiced patients (n=50)
One-, 3-and 5-year survival rates for the 50 resected jaundiced patients were 48%, 19% and 19%, respectively i.e. significantly different from those of non-resected jaundiced patients (31%, 0% and 0%, p=.001). Among the resected jaundiced patients, T-stage, N and M status were found to have a significant impact on survival ( Table 2) . R0 resection did not increase survival in the overall population of resected patients ( Table 2) , but R0 increased median survival in the subgroup of N0 patients (20 versus 6 months, p=.01).
All resected patients with T4, N1 or M1 tumors died within the first 3 postoperative years. Eleven resected jaundiced patients were N0R0: 3 patients died postoperatively, 4 survived 12, 15, 20, 22 months, and the remaining 4 patients were real survivors at 5 years. Among these 4 patients, tumor stage was T2 for 2 patients and T3 for the other 2 patients. All of these patients underwent common bile duct resection and 3 underwent in addition resection of duodenum, stomach and portal vein. All these patients had N0
and R0 margins.
Survival in all resected patients with gallbladder cancer (n=257)
Among all resected patients with gallbladder cancer, jaundice was found to have a negative impact on prognosis (Figure 2) . Median survival in the presence of jaundice was poorer that of non-jaundiced patients (11 vs. 36 months; p< .0001).
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DISCUSSION
Jaundice is an indicator of advanced disease
Most studies have reported that jaundice is an indicator of advanced disease with a dismal prognosis in GBC. The results of the present study, which is one of the largest studies, confirmed that jaundiced patients had more advanced tumors and poorer 3-year survival than non-jaundiced patients (19% and 50%, respectively). The first study focusing on jaundice (3), published by a reference team, reported a 7% resectability rate, a 5% R0 margin rate and poor survival (2-year disease-free survival of 0%, median disease-specific survival of 6 months). These results, emphasizing the fact that resection should not be proposed in patients with GBC associated with jaundice, were largely diffused in the medical community.
Jaundice should not be considered as an absolute contraindication
However, it should be stressed that one of the major criteria (i.e., R0 resection) proposed as a contraindication to resection appears to be over estimated: the 5% R0 resection margin rate was calculated on the whole population of 82 patients and not on the population of resected patients. The real R0 resection rate in the series of Hawkins et al. was actually 67% (4 out of 6 resected patients). Several series also did not report such a poor outcome, with much higher resectability rates ranging from 7 to 53%, and R0 resection margin rates ranging from 15 to 100% (8-12) ( Table 3 ). In the present series, the resectability rate was 45% and the R0 resection rate was 58%. The resectability rate was higher in non-jaundiced patients (64% vs. 45%), but no significant difference of R0 resection rate was observed between jaundiced and non-jaundiced patients (71% vs. 86%). Agarwal et al. did not observe any difference in terms of resectability between resected jaundiced and non-jaundiced patients (27% vs. 36%,
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12 p>.05) (11) . The results in terms of resectability can be (artificially) improved by more widespread use of laparoscopic assessment (16) (17) especially in jaundiced patients scheduled for surgery due to its accuracy (57%).
Some jaundiced patients appeared to benefit from surgery
Moreover, in the same series (8) (9) (10) (11) (12) , some jaundiced patients appeared to benefit from surgery in terms of survival following resection: with a mean 3-year survival of 20% and some real survivors at 3 and 5 years (8, 11) , results never obtained in the subgroup of non-resected jaundiced patients. In the present series, overall survival was better in resected jaundiced patients than in non-resected jaundiced patients (p=.001) and the 3-year overall survival rates of 19% was comparable to the overall survival of resected patients with pancreatic adenocarcinoma in whom the principle of curative R0 resection has been established.
Routine sampling of lymph nodes should be performed
The long-term results can also be improved. Firstly, routine sampling of inter-aortocaval lymph nodes was not performed in this study and it is likely that some patients in the subgroup of resected jaundiced patients and poor long-term survival were positive for inter-aortocaval lymph nodes. Inter-aortocaval lymph node sampling must be performed systematically in this setting in order to contraindicate resection. Similarly, in this series, regardless of T-stage, all patients with long-term survival had N0 disease and underwent R0 resection. The results of this study emphasize that hepatic pedicle lymph node sampling may be performed as a routine examination before resection in jaundiced patients with GBC in order to avoid useless surgery in patients with N+ disease (no survivors with N1 disease at 3years). The presence of lymph node involvement has been reported to be a poor prognosis factor by other authors, even in jaundiced patients (3, 11) . Secondly, only 29% of patients with GBC had adjuvant M A N U S C R I P T
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13 therapy in the French nationwide survey of GBC (data not shown) (4) . A phase III study analysing the effect of adjuvant chemotherapy (GemOx 85) in patients with R0/R1 resection for bile duct cancer is currently underway in France (ACCORD 18/0803 protocol). Inclusion of patients in this study will allow us to address the issue of adjuvant chemotherapy.
Postoperative morbidity and mortality may be decreased by minor resections and careful selection of patients requiring preoperative biliary drainage However, these encouraging results in terms of survival in resected jaundiced patients were achieved at the price of postoperative mortality and morbidity of 16% and 62%.
The postoperative mortality rate was mainly (50%) due to liver failure and higher among elderly patients after major hepatectomy. In the present series, 46% of patients underwent major hepatectomy. This mortality rate was similar to the mortality observed in other series in which major hepatectomy was performed (3, 8-9, 18) ( Table 3) . Our surgical practices need to be modified, as it has been reported that the extent of hepatectomy is not related to R0 rate and long-term survival (4, 19) . Secondly, a parenchymal preservation strategy must be investigated in this setting in the light of the results published by Agarwal et al.: in this series of 14 resected jaundiced patients, 13 patients underwent segment IVB-V liver resection with a very low (one patient) mortality, 100% R0 resection rate, and meaningful prolongation of survival (11) 
Limitations of the study
Certainly, there are limitations to a retrospective analysis conducted on patients treated over a long time interval. Despite the large number of patients included in the study, this was a highly selected cohort, representing only a fraction of the total number of jaundiced patients with GBC diagnosed during the study period. However, by including patients treated at 21 different surgical centers, our results may be less subject to selection bias than previously reported single-institution experiences and may better represent common practice.
Conclusion
The presence of jaundice in patients with GBC does not necessarily indicate inoperability and the decision to contraindicate the only available curative treatment in these patients must be taken very carefully. After laparoscopy and systematic interaortocaval sampling, the population of patients most likely to benefit from surgery must 
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